Organs and tissues comprise diverse cell types, each with a unique ensemble of active genes expressed from a characteristic epigenomic landscape. Determining the gene expression programs that are responsible for cell-type-specific phenotypes has become a major quest of biological research in multiple disciplines (Allis et al., 2015) . Each gene expression program is driven by its complement of transcription factors (TFs) that bind to enhancers to activate expression from nearby promoters. The processes of gene activation and transcription typically change epigenomic signatures, including modification of DNA and histones, and some modifications have been implicated in epigenetic memory of gene expression. In general, studies aimed at working out gene expression programs in individual cell types have been limited to transcriptome analysis, as the amplification of transcription can often provide sufficient amounts of mRNA from flow-sorted or laser-microdissected cells (Otsuki et al., 2014) . However, obtaining sufficient cell-type-specific DNA from tissues for epigenomic analysis is especially challenging for complex tissues such as the brain. This is unfortunate, because the epigenome is far more information-rich than the transcriptome and because the epigenome maps both the drivers of the program, such as TFs and enhancer marks, and downstream effects on the chromatin landscape, such as gene-body methylation. In a technological tour de force described in this issue of Neuron, Mo et al. (2015) provide the first high-resolution cell-type-specific epigenomic map for a mammal using the isolation of nuclei tagged in specific cell types (INTACT) strategy for purification of specific neuronal types from the mouse brain ( Figure 1 ).
The INTACT method is based on affinity purification of nuclei using magnetic beads, where cell type specificity is achieved by expression of a nuclear envelope protein under control of a cell-typespecific promoter (Deal and Henikoff, 2010 ). An advantage of INTACT is that relatively large quantities of purified nuclei can be rapidly and efficiently obtained from tissues without treatments to dissociate cells, which might cause stress that can alter expression programs. INTACT was originally used to obtain purified populations of Arabidopsis root epidermal cells by expression of a nuclear pore protein fused to an epitope tag. INTACT has also been applied to Drosophila neurons using an epitopetagged SUN domain nuclear envelope protein (Henry et al., 2012) . Mo et al. (2015) expressed a GFP-and Myc-tagged SUN domain protein under control of inducible Cre recombinase, which excises a ''roadblock'' between a constitutive promoter and the fusion construct, resulting in expression only in cells expressing Cre. When this construct was introduced into the mouse germline and was induced, progeny were healthy and fertile, and when Cre was specifically expressed in different neuronal types, GFP was observed to decorate the nuclear envelope of only the expected subset of cells. One excitatory and two inhibitory (PV and VIP) interneuronal cell types were isolated using INTACT. Importantly, VIP neurons were purified to 98% homogeneity with 50% yield, even though they accounted for only 1%-3% of the total, which demonstrates the applicability of INTACT to even rare cell types. Although this study was limited to neurons of adult brains, the INTACT mouse (http://jaxmice.jax.org/strain/021039.html) can be crossed to available Cre-driver lines for cell-type-specific profiling of other tissues. Mo et al. (2015) reported genome-wide profiling of nuclear RNA, DNA methylation, DNA accessibility, and histone modification in the three INTACT-purified cell types, comparing data set profiles between cell types and to previously described data sets from fetal cortex and adult glia. RNA-sequencing (RNAseq) of INTACT-purified nuclear RNA quantifies transcription prior to export and so should more closely represent epigenomic regulatory processes than those obtained by RNA-seq of cellular mRNA. Comparison of nuclear transcript levels between cell types identified more than 2,000 genes with R2-fold differences between each cell type pair. When tested cytologically for neuron type, nine of ten previously uncharacterized genes proved to be cell type specific, validating the distinctions observed by INTACT.
To map the DNA cytosine methylome, whole-genome bisulfite sequencing was performed. Cytosine methylation mostly occurs at symmetric CG sites, but also at asymmetric CH sites (where H = A, C, or T). Previous studies had shown that both classes of methylated sites correlate inversely with gene expression in brain, with the caveat that there might have been exceptions that were misinterpreted because of cell type mixing . Indeed, methylation profiles from INTACT-purified cells showed that, for the most differentially expressed genes, methylation at the promoter and upstream was greater in the cell type in which the gene was more weakly expressed. Interestingly, CH methylation of gene bodies was a better discriminator between cell types than either transcript abundance or CG methylation level. As only symmetric CG methylation is maintained after replication, perhaps this bias in favor of CH methylation differences reflects enhanced exposure to de novo DNA methyltransferases after the last cell division. Consistent with this possibility, CH methylation was higher in linker regions between nucleosomes, as if exposed regions of DNA are more easily de novo methylated. Also, CH methylation in gene bodies was better correlated with levels of gene expression than any other epigenomic feature mapped in this study, as if transcription increases exposure of DNA to de novo methylation.
Most CGs in mammals are methylated, so that hypomethylated CG-rich regions are conspicuous. Most familiar of these are ''CpG islands,'' which are found around most mammalian promoters but are also scattered throughout the genome, where they can appear as differentially methylated regions (DMRs) (Schü beler, 2015) . Indeed, in INTACT-purified excitatory neurons alone, >100,000 hypomethylated CG-methylated regions (''hypo-DMRs'') were cataloged. Unlike promoter-specific CpG islands, which are generally unmethylated regardless of cell type, the vast majority of DMRs are located >2.5 kb away from gene promoters, many of which are likely to mark long-range regulatory elements that distinguish cell types.
To map DNA accessibility, INTACTpurified nuclei were subjected to ATACseq, a rapid method for profiling the native chromatin landscape by transposition of the Tn5 transposon, which preferentially inserts DNA sequencing adapters into accessible regions of the genome (Buenrostro et al., 2013) . Remarkably, only 13.4% of the >320,000 regions of accessible DNA were shared between neuronal cell types, nearly all of which had been previously detected by DNaseI hypersensitivity mapping of cerebrum. In contrast, most of the cell-typespecific ATAC-seq peaks were absent from the DNaseI data sets, which emphasizes the importance of purifying cell types for cataloguing of regulatory elements.
To characterize putative TF binding sites, ATAC-seq sites were scored for key histone modifications determined by chromatin immunoprecipitation (ChIP) of INTACT-purified nuclei: H3K4me1 and H3K27ac are markers of enhancers, H3K4me3 is a marker of promoters, and H3K27me3 is a marker for Polycombsilenced chromatin (Allis et al., 2015) . When motifs specific to a TF were aligned, the ATAC-seq profile showed a characteristic footprint indicative of TF occupancy. In general, TFs showing differential mRNA enrichment in a cell type also could be footprinted over confirmed motifs specifically in that cell type. Cell-type-specific TF occupancies were high in regions of hypo-DMRs, which indicates that TF binding, DNA accessibility, and lack of DNA methylation are consistent features of cell-type-specific regulatory regions in the mammalian brain. Although this correspondence is as expected from previous epigenomic studies in tissues , the sheer abundance of regulatory elements, >200,000 specific to different types of neurons, speaks to the extraordinary diversity of the epigenome that is revealed once cell types are separated from one another.
This diversity of the epigenomic landscape revealed by comparison of INTACT-purified nuclei is likely to be just the tip of the iceberg, given that multiple TFs bound within an enhancer may provide combinatorial complexity. In support of this possibility, the TF maps produced from INTACT-purified neurons could be used to infer networks of predicted TF interactions. To tease out the logic whereby binding of multiple TFs within regulatory regions can lead to neuronal diversity, Mo et al. (2015) compared genes with cell-type-specific expression to those with panneuronal expression. Intriguingly, both classes of genes were surrounded by multiple cell-type-specific and pan-neuronal ATAC-seq peaks, revealing a level of combinatorial complexity of putative regulatory elements that likely accounts for much of the diversity of the transcriptional regulatory program. Further sub-classification of neurons using this approach might distinguish additional cell-type-specific differences that diversify the brain, eventually leading to a predictive network describing the regulatory logic that controls neuronal gene expression.
Unlike expression analysis, which provides a snapshot of gene activity that can fluctuate with time, epigenomic modifications are relatively stable in non-dividing cells. DNA methylation is the most stable epigenomic modification, and large-scale DNA methylation features in INTACT-purified adult neurons can potentially provide a map of epigenomic memory. DNA methylation ''valleys'' (DMVs) are on the order of 10 kb in length and mostly overlap promoter CpG islands (Xie et al., 2013) . Approximately 1,000 DMVs were mapped in each cell type, which typically overlapped. Most DMVs in INTACT-purified adult nuclei are shared with DMVs in fetal cells, though contracted in length, so that gains in promoter methylation that distinguish adult cell types can be identified for these DMVs. Using strong methylation gains upstream of promoters in DMVs for Cre-mediated release of a transcriptional ''roadblock'' allows for the nuclear envelope protein expression only in cells expressing Cre. Fresh mouse neocortex (green) is dissected, minced, and homogenized to release nuclei. Nuclei from cells that had expressed an epitope-tagged nuclear envelope protein (red) are indicated by blue shading. Magnetic beads coated with a tagspecific antibody (black) are added, and Cre-expressing nuclei are harvested with a magnet and washed until pure. Nuclei, chromatin, DNA, or RNA are subjected to epigenomic profiling protocols, library preparation, and short-read sequencing. Integrative data analysis is performed on data sets from multiple neuronal cell types.
classification, 210 genes were identified as candidates for driving differentiation of neurons. These corresponded to genes that are active during development and that become hypermethylated and silenced in adults. Several of these encode TFs that were known to drive cell-typespecific neuronal differentiation. Other large cell-type-specific hypo-DMRs are enriched downstream of promoters with histone modifications characteristic of enhancers. Thus, neuronal methylomes can provide an epigenetic trace of neural development, whereby methylation gains within DMVs reflect past gene expression and differential methylation of large intragenic hypo-DMRs reflect the cell-type-specific regulation of current gene expression.
This demonstration that DNA methylation and ATAC-seq in specific cell types can be used to follow neuronal differentiation suggests an attractive general strategy for epigenomic studies, which are presently dominated by ChIP-based mapping. ChIP is limited by the need for highly specific antibodies and large amounts of material and can be hampered by artifacts including epitope masking and ''hyper-chippable'' regions (Zentner and Henikoff, 2014) . In contrast, purification of DNA for mapping DNA methylation and for ATAC-seq is simple and efficient and, as this study shows, provides sensitive discrimination of regulatory elements without the need for ChIP. This approach is especially attractive when coupled with INTACT, which requires no specialized equipment or expertise. The decreasing cost of shortread sequencing, and the availability of lines engineered for INTACT, provides a practical and affordable general platform for developmental epigenomics on both large and small scales.
The mechanisms mediating the appropriate clustering of neurotransmitter receptors opposite release sites are poorly understood. Two studies in this issue of Neuron, Maro et al. (2015) and Tu et al. (2015) , identify a new extracellular effector for neuroligin in GABAergic postsynaptic differentiation.
Synapses are the basic units of communication in the nervous system. Synaptic function relies on the precise apposition of chemically matched neurotransmitter receptors and associated scaffolding and signaling molecules in the postsynaptic cell to vesicle release and recycling machinery in the axon. Hundreds of molecules each function at presynaptic and postsynaptic specializations to mediate finely tuned neurotransmission. Uncovering the processes mediating the development of such complex junctions spanning two cells and their interiors remains a challenge. Significant progress in understanding how synapses develop was made through the identification of secreted and cell surface synaptic organizing proteins that can locally trigger postsynaptic and presynaptic differentiation (Siddiqui and Craig, 2011; Sü dhof, 2008) .
The first identified synaptic organizing protein was agrin, a large protein secreted from mammalian motoneurons. Agrin binds low-density lipoprotein receptorrelated protein 4 (LRP4) to activate muscle-specific kinase (MuSK) to stabilize acetylcholine receptors (AChRs) at the mammalian neuromuscular junction (NMJ) (Wu et al., 2010) . Perhaps the most extensively studied synaptic organizing molecules are the presynaptic transmembrane proteins neurexins, which function at mammalian glutamatergic and GABAergic synapses (Sü dhof, 2008) . Agrin and neurexins share limited structural similarity with key interactions mediated by LNS (laminin, neurexin, sex hormone binding protein) domains and regulated by alternative splicing. Importantly, neurexins organize synapses
